The Centers for Medicare and Medicaid Services (CMS) promulgated regulations commencing October 1, 2008, which deny payment for selected conditions occurring during the hospital stay and are not present on admission. Three of the 10 hospital-acquired conditions covered by the new CMS policy involve healthcare-associated infections, which are a common, expensive, and often preventable cause of inpatient morbidity and mortality. Objective: To outline a research agenda on the impact of CMS's payment policy on the healthcare system and the prevention of healthcare-associated infections. Methods: An invitational daylong conference was convened in April 2009. Including the planning committee and speakers there were 41 conference participants who were national experts and senior researchers. Results: Building upon a behavioral model and organizational theory and management research a conceptual framework was applied to organize the wide range of issues that arose. A broad array of research topics was identified. Thirty-two research agenda items were organized in the areas of incentives, environmental factors, organizational factors, clinical outcomes, staff outcomes, and financial outcomes. Methodological challenges are also discussed. Conclusions: This policy is a first significant step to move outputbased inpatient funding to outcome-based funding, and this agenda is applicable to all hospital-acquired conditions. Studies beginning soon will have the best hope of capturing data for the years preceding the policy change, a key element in nonexperimental research. The CMS payment policy offers an excellent opportunity to understand and influence the use of financial incentives for improving patient safety.
T he Deficit Reduction Act of 2005 required the Secretary of Health and Human Services to identify high cost and high volume preventable conditions that result in higher payments. Following this directive, the Centers for Medicare and Medicaid Services (CMS) promulgated regulations denying payment for claims occurring after October 1, 2008 , in which selected conditions occurred during the hospital stay and were not present on admission (POA). In preparation, starting October 1, 2007 , CMS required POA indicators on all secondary diagnoses for admissions. Furthermore, CMS prohibits the hospital from billing the beneficiary for the difference between the lower and higher payment rates. The intended net effect of this change is that claims would be paid as though the secondary diagnosis were not present, effectively transferring financial responsibility to the hospital. The goal of this policy change is to decrease costs while encouraging the prevention of adverse events. 1 While the intent is desirable from a societal perspective, little is known about the true impact of this policy.
Three of the 10 hospital-acquired conditions covered by the new CMS policy involve healthcare-associated infections (HAIs), which are a common, expensive, and often preventable cause of inpatient morbidity and mortality. Approximately 2 million patients per year develop HAIs, or about 5% of acute hospital admissions. The last decade alone has seen an estimated 36% increase in HAIs. 2 The estimated 100,000 deaths per year associated with HAIs rank this as the sixth leading cause of death in the United States. [3] [4] [5] In a recent study capturing additional underlying expenses, the excess hospital cost of HAIs across the nation was estimated to be between 28 and 45 billion dollars annually. 6 Many HAIs are preventable and effective strategies to reduce HAIs are available. For example, a coalition of 66 intensive care units (ICUs) in southwestern Pennsylvania reduced central line-associated bloodstream infection rates by 68% over a 5-year period. 7 One hundred three ICUs in Michigan achieved a similar reduction. 8 Both efforts were based on collaboratives and used a multifaceted approach to the prevention of HAIs including improved measurement, standardized case finding, and interventions to focus organizational culture more specifically toward patient safety. 9 -11 Given that by their very nature many HAIs are considered preventable, it is hardly surprising that the CMS policy covers 3 types of common infection sites: (1) selected surgical site infections, (2) vascular catheter-associated infections, and, (3) catheter-associated urinary tract infections.
In other contexts-including both hospital and outpatient settings-limited research has shown that financial incentives for quality, often known as pay-for-performance, can result in modest improvement in quality of care measures. 12 The literature, however, is sparse. A recent systematic review of the literature on pay-for-performance in the hospital setting identified only 8 published studies, most of which suffered from methodological flaws. 13 In addition, the question of whether any of the ascribed improvements are sustainable remains open. 14 Because Medicare funding policies have previously set important precedents for other insurance providers in the United States and other jurisdictions, a broad application of the CMS policy could result both in farreaching positive and negative consequences, prescribing the need for a careful and rigorous policy evaluation. The purpose of this article is to outline a research agenda on the impact of CMS's payment policy on the healthcare system, to encourage initiating such research sooner rather than later.
An invitational daylong conference funded by the Agency for Healthcare Research and Quality (RHS018099) was convened in April 2009 to address HAI reimbursement. The conference sought to build on the experience of, and questions arising from, the current CMS healthcare-acquired condition policy with a view to generating a consensusderived research agenda to evaluate the current policy and develop funding policies that lead to HAI reduction.
METHODS
A total of 65 invitations for participation were sent out to selected national experts and senior researchers with the goal of recruiting 32 participants with expertise in HAIs, patient safety, funding systems, and CMS policy making. Potential participants were selected by a planning committee for their influence in setting national policy, development of practice guidelines, key roles in the direction of infection prevention and control as exemplified by leadership in relevant professional organizations, publications and recognition as a thought leader. Thirty-three individuals accepted our invitation. Including the planning committee and speakers there were 41 conference participants. All participants were provided with background reading before the conference. [15] [16] [17] [18] [19] [20] [21] [22] [23] The conference was organized into 5 sessions. Each session began with a short 20 to 30 minute presentation given by an expert. Table 1 outlines the topics covered by each session and the speaker who presented the topic. After each presentation, participants broke into small, preassigned groups each comprising a variety of disciplines and viewpoints, including 1 or 2 doctoral students who were assigned to take notes. Participants were assigned to the same group for the day and discussions were guided by a session specific list of questions. Each small group discussion was followed by a plenary session in which each small group reported back. General sessions Other payer and provider responses to CMS healthcare-associated infections rule Anticipated reactions by Medicaid and private payers Potential for hospitals to alter coding practices, patient populations, and discharge patterns Possible financial effects on hospitals and plenary sessions were audio-recorded and transcribed. Transcripts from the general sessions, plenary sessions, and notes from the small group sessions were analyzed by 2 reviewers using a thematic content analysis approach (NVivo; http://www.qsrinternational.com/products_nvivo.aspx) to identify both gaps in current knowledge and specific research questions regarding the impact of HAI reimbursement. Results of the thematic analysis were discussed and summarized by the study authors to identify common themes and priorities for research.
RESULTS

Conceptual Issues
There was agreement among participants that all research should be theory driven. A behavioral model of clinician responses to incentives to improve quality was presented, which builds upon an adaption of Andersen's Behavioral Model. 24, 25 In this adapted behavioral model of clinician responses to incentives to improve quality, the incentive serves as the stimulus while the environmental, organizational, provider and patient characteristics present mediating variables, which affect the outcomes. 25 Another theory that was presented came from organizational theory and management research; in this theory, leader behavior, organizational culture and staff behavior were acknowledged as important antecedents that affect outcomes. 17 These theories were combined to develop an organizing conceptual framework (Fig. 1 ). The new CMS policy creates direct incentives for senior managers (ie, chief financial officers and chief executive officers) as a minimum. The environmental variables include overall payment environment as well as regulatory and market factors. From organizational theory, it is postulated that leader behaviors and management styles influence the organizational culture, which in turn influences staff behaviors. Ultimately, it is these changes in staff behaviors that will influence outcomes. Predisposing/enabling patient factors (such as risk for infection) also influence the outcomes. The outcomes that may be affected include the clinical outcome of interest, which in this case is HAIs, along with others such as those related to the staff (eg, satisfaction) and the financial results.
This conceptual framework was applied to organize the wide range of issues that arose during the discussions. Of course, in designing a single study to address a specific identified research gap, investigators may find a more specific theory useful. Indeed, while other models were not presented at the conference, it was acknowledged by participants that models, such as Young et al, may be useful to study the use of incentives in promoting quality. 26 The Research Agenda Table 2 lists some of the important research questions that were raised. The areas of research are organized by the conceptual framework and discussed more fully below. Except where noted, no priorities were assigned to specific research questions.
Incentives
Many participants expressed concern as to whether the policy provides sufficient incentive to influence clinical practice. 27 Medicare payments to hospitals will only be reduced in instances where the HAI codes are the only factor causing a case to be reclassified into a more expensive payment. 28 That is, if a patient has many complications, the exclusion of the HAI from the payment formula will have zero consequence. Thus, in most cases, it is expected that the policy change will affect only a small portion of hospital reimbursement, and the magnitude of the financial incentive remains relatively small for most hospitals. Identifying the relative and absolute magnitude of an effective financial incentive is important. Therefore, this policy may be an opportunity to identify the effects of different levels of incentives across and within settings. The diffusion of the incentives to other payers-whether other payers follow the CMS lead and institute similar payment practices-will also affect the magnitude of the incentive per provider. Last, with mandatory public reporting of these same infections in many states, it will be important to understand the relative impact of reputational versus financial incentives (see below).
Environmental Factors
As of June 1, 2009, all but 14 states have instituted some type of legislation or regulation regarding public reporting. Conference participants acknowledged that researchers would need to understand these contextual factors to tease out the impact of the CMS change given existing reporting initiatives. For example, while many states now have mandatory reporting requirements, these requirements vary widely in what is required and whether or not theses data are made public. Developing research designs that control for these contextual factors would be important. Additionally, understanding if and how hospitals in states with public reporting behave differently from those without it would provide evidence on the impact of the policy change. Another important environmental factor is related to the overall reimbursement environment of an individual hospital. It is possible that the impact of this payment reform varies based on the percentage of Medicare patients in the hospital. 
Organizational Factors
The aim of the CMS hospital-acquired condition reimbursement policy is to drive changes in organizational structures that may facilitate process change including the development of care pathways and ultimately clinician behavior change, such as adherence to hand hygiene. This is in contrast to other pay-for-performance initiatives where individuals are directly paid to consciously modify their behavior.
Management research suggests that leadership processes that transform individual goals to collective organizational goals are likely to affect the organizational culture. 17 Participants agreed that involving the workforce in the development of processes related to improving performance, shared decision-making, and fostering communication were important for developing high-performing organizations. Indeed, these factors had been identified in the collaborative demonstration projects where central line-associated bloodstream infections were reduced in ICU settings. 18, 19 Understanding how best to engage the workforce was thought to be an important item in the research agenda. For example, is this best done through managers or engaging professional societies? Furthermore, research designed to examine the effectiveness of incentives at the physician level, hospital management level (eg, quality division, infection control division, and/or nursing unit manager) and even healthcare worker level (bedside providers such as nurses) would be of great value. Organizational theory suggests that the level of implementation of the incentive within the hospital will be significant.
The goal of this reimbursement change is prevention of HAIs through altering staff behavior. Behaviors, or process measures, that are thought to be important include antibiotic prescribing, cultures to establish POA, and adherence to Evaluation of various metrics (eg, incidence, processes of care) to assess impact of reimbursement policies. Determine levels of risk adjustment needed. Assess various risk adjustment methods. Correlation of coder, state auditor, and infection prevention definitions and rates. Impact of reimbursement policies on HAI rates.
Staff outcomes
Impact of reimbursement policies on compliance with practice guidelines. Changes in staff behavior and processes of care associated with new reimbursement policies. Impact of "present on admission" policies on prescribing practices, screening and diagnostic tests at admission.
Financial outcomes
Economic modeling of the differential impact of reimbursement policies across provider types (eg, metropolitan vs. rural hospitals). Impact of reimbursement policies on other payers and providers (eg, satisfaction). guidelines. For example, the policy may encourage active culturing of patients on admission to identify symptomless infections that are POA or the policy may encourage the use of antibiotics in the absence of clinical indication. Qualitative research at high-performing hospitals to understand these and other processes that may affect the outcomes of interest was identified as a high-priority agenda item.
Outcomes
The most obvious research item relating to outcomes is to assess and understand the impact of the policy on infection rates across the nation. The best measures of HAIs have not been clearly articulated. Over many decades the Centers for Disease Control and Prevention (CDC) has developed standardized surveillance protocols and definitions for HAI identification conducted by trained clinicians using traditional laboratory and clinical criteria. 10, 11 These widely used protocols are recognized as valid and reliable measures for HAI surveillance. 29, 30 As part of the CMS payment reform initiative, HAIs will be identified using routinely collected patientlevel and administrative billing data. These data are limited by the range, definition and number of diagnosis, and procedure codes that can be recorded. Previously, researchers have found that the routinely collected data did not capture all instances of central vascular catheter insertion. 31 Additionally, researchers have found poor concordance between infections identified using CDC definitions and those identified using administrative data. 32, 33 This previous research was conducted before the POA indicators were mandated across all jurisdictions. Validation of HAI definitions using administrative data against standard CDC clinical definitions is a priority for researchers. Differing characteristics of ideal HAI definitions for clinical decision making, surveillance activities, and reimbursement policies is an important component of the research agenda. The relationship and reliability among existing HAI measures, including those developed by the CDC, CMS, and state agencies should be explored. These definitions should include quality metrics easily interpretable by consumers. To advance the goal of eliminating preventable HAIs, it is important that consumers, clinicians, administrators, and policy makers agree on which HAI measures can most efficiently serve multiple purposes.
Not all infections are preventable. 34 Participants agreed that another contribution to the field would be defining "reasonably preventable" infections. Similarly, determining the levels of risk adjustment needed for the cross-hospital comparisons is important.
Based on agency theory, another potential unintended consequence is that hospitals may avoid patients perceived to be at highest risk for HAIs. There is evidence that individual physicians subject to external incentives try to avoid minority patients whom they perceive as more likely to have poor treatment outcomes. 35 After New York State initiated its report card measuring death rates from coronary artery bypass graft surgery for individual surgeons and hospitals, the gap between coronary artery bypass graft rates for whites and blacks increased. The report card may have made surgeons more reluctant to operate on black patients. 36, 37 Similarly, hospitals may be less likely to admit high-risk patients, such as those from long-term care settings.
Another potential unintended consequence is "up-coding" to improve hospital reimbursement. Up-coding involves the identification of additional diagnoses to attract a higher payment as well as ordering codes to get maximum payment. This practice is widespread and legal. There is little research on hospitals optimizing reimbursement through up-coding, although it is occasionally suggested as a strategy in the literature and has been identified as a problem for over 30 years. 38, 39 With audits by CMS and the introduction of electronic medical records, coding practices may over time become more uniform between states and providers. In the short run, however, up-coding could even result in increased costs to CMS. All participants agreed that understanding the policy's impact on hospital coding behaviors and their financial impact are important research items.
A potential synergistic positive outcome is that the policy would incentivize hospitals to become learning organizations that perform well, and that this engagement of the staff to decrease HAIs would spill over to other quality metrics. It could also increase staff satisfaction and reduce turnover. Many participants noted that more research is needed to determine whether these hypothetical outcomes are in fact being realized.
Determining the ideal research design-or types of designs-that would be most useful to address the impact of the policy changes was identified as another area of uncertainty. While it is clear that randomized controlled trials are no longer possible because the change in policy has already been implemented without them, there was agreement that uniform study designs will permit more accurate comparison of the impact of the policy in different settings and different geographic regions. This requires that researchers clearly outline the specific definitions and techniques used to identify HAIs. For example, ICD-9 codes, computer programming languages and analytic methods should be made available for published studies either as part of the published paper or as supplemental material. Where possible, researchers should report findings obtained using several different analytic approaches on a single dataset, even when results appear contradictory or uninformative.
Expanding the methodologic approaches currently used was also recommended. Methods that should be explored include the use of ecologic studies, group randomized trials, and innovative methods to control for different payer mix, patient risk adjustment, and community-level factors. There was consensus that researchers should articulate study designs and assumptions in detail to allow replication of the results. Clearly reporting the limitations of individual study designs encountered by researchers will allow replication, refinement of methods, and comparison of results.
Participants agreed that because of the complexity of issues surrounding payment for HAIs, a mixed approach that applies both quantitative and qualitative components is preferable. These techniques should be adopted to address the specific research questions, and methods of design and analysis should be developed in collaboration with individuals who possess specific methodologic expertise. Interdisciplinary teams are essential to adequately examine the impact of incentives throughout the healthcare system.
DISCUSSION
This policy is a first significant step to move outputbased inpatient funding to outcome-based funding. The policy is one of the most large-scale and visible pay-for-performance initiatives ever attempted in the US healthcare system. It is also the most important effort yet made to address the growing problem of HAIs. The list of preventable infections affected by the CMS hospital-acquired condition policy is likely to grow in the future. CMS is already considering adding ventilator-associated pneumonia, bloodstream infections due to Staphylococcus aureus, Clostridium difficile-associated disease, and methicillin-resistant Staphylococcus aureus to the new reimbursement policy. Understanding the ramifications of this policy, both for HAIs and for safety improvement in general, is critical to future quality improvement.
CMS has estimated that the total nationwide payment impact of the new policy amounts $20 million in the first year and $50 million in subsequent years, signifying an average impact of approximately $12,500 per hospital. An independent study, however, has indicated that the payment impact may be as low as $2.4 million nationwide (ϳ$600 per hospital). Anecdotally, the policy appears to have engaged hospital communities and received extensive and protracted media coverage asserting significant financial impact for individual hospitals prior to implementation. To date, the preimplementation impact of the policy has not been evaluated and therefore it may never be possible to estimate its full impact.
As with many new policies, although a number of potential outcomes can be hypothesized, the actual consequences may be surprisingly different. Under the most positive scenarios the financial incentive provides motivation for hospitals to improve processes, implement evidence-based practice recommendations and reduce the rate of HAIs. 14 Under a less optimistic scenario, hospitals will recognize that the reduction in revenue is limited and modify administrative and billing practices sufficiently to "work around" and limit the impact of the CMS policy, without implementing initiatives that will reduce the infection rate. 40 An even more pessimistic scenario is that the policy results in perverse incentives for hospitals to provide care below present standards of quality while adopting defensive measures to protect themselves from potential revenue losses by shunning patients who are likely to develop HAIs.
Because of the diversity of these potential outcomes, and their important implications for healthcare quality and costs, all participants in the conference agreed that research to evaluate the consequences of the policy change should begin immediately. A broad array of research topics was identified. Studies beginning soon will have the best hope of capturing data for the years preceding the policy change, a key element in nonexperimental research. Indeed, for many of the research agenda items, specific data (such as clinician behavior and compliance with guidelines) needs to be collected prospectively. Moreover, early results of research are likely to help CMS modify the payment regulations in the coming years. The CMS payment policy offers an excellent opportunity to understand and influence the use of financial incentives for improving patient safety.
While the research agenda developed is specific to HAIs, many of the items are also appropriate to the other hospital-acquired conditions. For example, there are similar definitional issues with pressure ulcers. With healthcare reform likely, there are many other important policy changes on the horizon (eg, bundled payments, disease management, and medical homes). Developing research agendas around these changes would also be worthwhile activities.
